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Abstract - This paper presents a new family of three 
previously unidentified dc-to-dc converters, buck, 
boost, and buck-boost voltage-transfer-function 
topologies, which offer advantageous transformer 
coupling features and low capacitor dc voltage 
stressing. The three single-switch, single-diode, 
converters offer the same features as basic dc-to-dc 
converters, such as the buck function with continuous 
output current and the boost function with continuous 
input current. Converter time-domain simulations and 
experimental results (including transformer coupling) 
support and extol the dc-to-dc converter concepts and 
analysis presented. 
 
Keywords - dc-to-dc converters, switch mode power 
supplies, dc-to-dc power conversion 
 
I. INTRODUCTION 
 
Applications for dc-to-dc converters include dc power 
supplies for electronic systems, hand-held 
electronics, portable electronics, electric vehicles, 
battery chargers [1], [2], systems for the utilization of 
fuel cell [3]-[5], solar [6]-[8], and wind energy [9], 
which incorporate super-capacitors [3], smart grids 
and distributed generation [10]-[13], electronic ballast 
[14], energy harvesting [15], power factor correction, 
and dc motor drives. Additionally, these converters 
form the basic building blocks for other power 
converter types, plus interleaved or multiphase 
converters [16]-[19], bidirectional dc-to-dc converters 
[20]-[23] multiple input converters [24], cascaded 
output converters [25], [26] and high voltage supplies. 
Similar to basic dc-to-dc converter analysis [27], with 
snubbers [28], converters can be controlled in a 
voltage mode or a current mode [29], [30]. 
 
Additional to the basic three converters, viz., buck, 
boost, and buck-boost converters, there are 27 other 
(plus three new converters here within) identified 
single-switch, single-diode transformer-less dc-to-dc 
converters. In all cases, continuous conduction 
operation is possible at light loads with two 
switch/diode combinations, which allow bidirectional 
inductor current, [2], [20]-[23]. 
 
 Also, in addition to a switch and diode, the three new 
dc-to-dc converters incorporate two inductors and two 
capacitors (as with the Cuk, zeta, -ve Lou, and sepic 
converters) from which a voltage sourcing output is 
derived.Operational concepts of three new dc-to-dc 
converter topologies (with buck, boost, and buck-
boost transfer functions) are presented, along with 
component ratings and specifications, circuit 
simulations, and practical results. For reference 
purposes, performance and features of the three new 
converters are compared with the three basic (buck, 
boost and buck-boost) converters. Experimental 
results for a transformer coupled version of the new 
buck-boost topology culminate the paper. 
 
II. THREE NEW DC-TO-DC CONVERTER 
TOPOLOGIES 
 
The three new converter topologies, termed P#1, 
P#2, and P#5, are shown in figure 1 row cct P. The 
buck-boost topology P#5 is derived by an alternative 
alteration rearrangement of the elements common to 
the Cuk, sepic, and zeta converters. The buck 
converter P#1 has a current source output, being 
sourced by two inductors Li and Lo, converted to a 
voltage source output by the addition of load ac 
current shunt capacitor Co as shown in figure 1P(a). 
The boost converter P#2 in figure 1P(b) has 
continuous input current properties since the input 
paths comprises two inductors Li and Lo. The buck-
boost converter P#5 in figure 1P(c) has discontinuous 
input and output currents, since a series switching 
device switches between the input and output 
circuits. These properties are the same features 
possessed by the basic three dc-to-dc converters, 
termed A1 - buck, A2 - boost, and A5 ± buck-boost 
converters in figure 1 row cct A [31], in which all have 
one inductor less (one rather than two inductors) and 
no energy transfer capacitor. All converters use shunt 
output filter capacitor Co to create a voltage sourcing 
output.
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)LJXUH URZFFW3ƍVKRZV WKH WZRVWDWHVFUHDWHGE\
operation of the switch T, namely the current loops 
when the switch T is on, ton and when T is off, toff, 
VXFKWKDWWRQWRII Ĳ IVZKHUHIVLVWKHVZLWFKLQJ
frequency). Energy transfer (voltage and current 
transfer function) analysis is based on the capacitor C 
YROWDJHULSSOHǻYFVSHFLILFDOO\&îǻYF LFGWHTQ
in figure 1), assuming continuous but not necessarily 
constant current in the two circuit inductors Li and Lo 
(continuous conduction mode, CCM). Three basic 
converter transfer functions result, viz., buck, boost, 
and buck-boost, which are only switch on-state duty 
F\FOH WRQ Ĳ   į GHSHQGHQW DV VKRZQ E\ HTQ  LQ
figure 1. 
 
 
 
All three new topologies are characterized by a 
central Kirchhoff voltage loop involving only a 
capacitor C and two inductors Li and Lo. By 
.LUFKKRII¶VYROWDJHODZWKHDYHUDJHFDSDFLWRUYROWDJH
is zero, since each of the two inductors has an 
average voltage of zero. This zero average capacitor 
voltage is fulfilled by alternating balanced positive 
and negative charging (positive and negative 
YROWDJHV.LUFKKRII¶VYROWDJHDQGFXUUHQWODZVFDQEH
used to derive the average voltage and current 
ratings of the various circuit elements, which are 
summarised in Table I. In Table I the steady-state 
characterization (for sake of consistency) process 
makes extensive use of the fact that, in steady state, 
DYHUDJH LQGXFWRU YROWDJH >L/ L/Ĳ@ DQG DYHUDJH
FDSDFLWRUFXUUHQW>YF YFĲ@DUHERWK]HUR 
 
 
Fig .1.  DC-to-dc voltage-sourced topologies, operating 
stages, and transfer functions. 
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Table 1. DC-to-dc converter normalized component ratings 
 
voltage Buck boost buck-boost 
Figure 1 / cct A (a) A (b) A (c) 
topology P#1 P#2 P#5 
transfer function 
Voltage TFv Vo / Ei į 1
1 G
 
1
G
G


 
Current TFi Io / Ii 1G
 
1-į 1 GG


 
Switch 
 
T 
T 
(ave) 
voltage VT / Ei 1-į 1 1 
current IT / Io 2G
 
2G
 
1
G
G
 
T 
(max) 
voltage VT / Ei 1 
1
1 G
 
1
1 G
 
current IT / Io 1 
1
1 G
 
1
1 G
 
Diode 
 
D 
D 
(ave) 
voltage VD / Ei į 
1
G
G
 
1
G
G
 
current ID / Io  1G G
 
1 1 
D 
(max) 
voltage VD / Ei 1 
1
1 G
 
1
1 G
 
current ID / Io 1 
1
1 G
 
1
1 G
 
Capacitor 
 
C 
current 
ton IC / Io 1-į 1 1 
Ĳ- ton IC /Io į į 
1
G
G
 
voltage 
average VC / Ei 0 0 0 
ripple 
&ǻYC Ĳ,o 
 
&ǻYC Ĳ,i 
 1
1
G G
G


 
 1
G
G G
 
1
G
G
 
Inductor current 
 
IL 
average current 
Li 
ILi / Io 
 
ILi / Ii 1
G
 
G
G
G
1
 
1
1
G
G
 
Lo 
ILo / Io 
 
ILo / Ii 
G
G
G


1
1
 
G
1
1
 
G
G

1
1
 
dc 
losses 
PLi + PLo 
Li = Lo 

2
2 2
i
Li Lo
I
I I
 
G G
G
 2
2
2 2 1
 
G G 22 2 1
 
G G
G
 2
2
2 2 1
 
ripple current 
Li Li ǻ,Li Ĳ(i  1G G
 
į į 
Lo Lo ǻ,Lo Ĳ(i  1G G
 
į §į 
input/output 
ripple current 
input Ii Li ǻ,i 
discontinuous 
 
0, Io 
continuous 
 
įĲ(i 
discontinuous 
 
0, Io /(1-į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continuous 
 
2(1-įĲ9o 
discontinuous 
 
0, Io /(1-į 
discontinuous 
 
0, Io /(1-į 
Journal of Renewable Energy and Sustainable Development (RESD)     Volume 3 Issue 2, June 2017 - ISSN 2356-8569 
http://dx.doi.org/10.21622/RESD.2017.03. ?.196 
 
199 RESD  © 201 ? 
http://apc.aast.edu  
AC wise, C is a short circuit resulting in Li and Lo 
being parallel connected such that each topology in 
figure 1 cct P reverts (degenerates), for analysis 
purposes, to the corresponding basic dc-to-dc 
converter in Figure 1 cct A. This paper specifically 
exploits the benefits gained from zero average 
capacitor voltage, which are not available with the 
degenerate basic converters circuits. 
 
From Table I, the average inductor currents ILi and 
ILo are related to the input and output currents Ii and 
Io DQG WKH GXW\ F\FOH į 7KXV DV WKH ORDG FXUUHQW
decreases, the input current decreases, whence the 
average current of both inductors decreases. As the 
transferred energy decreases (average input current 
decreases), the capacitor ripple voltage (eqn 1 in 
figure 1) which is proportional to output current 
(energy transfer) decreases. Eventually, with 
decreasing load current, discontinuous conduction 
occurs in C, characterized by continuous zero 
capacitor voltage regions at the end of each switching 
period. 
 
III. SIMULATION AND EXPERIMENTAL RESULTS: 
THREE  
 
The functionality operation aspects can be initially 
established by time domain transient analysis. 
Additionally, component voltage and current stresses 
can also be assessed, confirming the circuit analysis 
used to derive the component ratings given in Table I.  
Table IIA shows the component values and ratings 
used for both the simulations and the 
experimentation, although some ideal components 
(losses capacitors and inductors, no switch and diode 
switching losses) are assumed in the simulations so 
as to confirm the theoretical circuit analysis 
performance values in Table I. Transient analysis 
simulations were performed using National 
Instruments, Multisim Power Pro 11.0.1, with user 
defined initial conditions as shown in Table IIB. 
 
Table 2.A   Component values 
 
Ei 20V  T, mosfet 9Pȍ 
Lo P+Pȍ
10A 
 D, SiC 600V, 10A 
Li P+Pȍ
10A 
 ton , toff ȝVȝV 
C ȝ)  į 75% 
Co ȝ)  f 50kHz 
 
 
Table 2.B   Circuit initial conditions 
 
Simulation initial values and results 
converter Buck boost buck-boost  
 P#1 P#2 P#5  
Ro 2.8125 80 45 ȍ 
Co 0.01 100 100 ȝ) 
IEi 0, 5.40, 5.26 4 ± 150m 0, 5.66, 5.06 A 
ILi 4 ± 37.5m 3 ± 150m 4 ± 150m A 
ILo 1.33 ± 37.5m 1 ± 150m 1.33 ± 150m A 
Vc 0 ± 1 0 ± ¾ 0 ± 1 V 
Vo 14.99 ± 0.1 79.95 ± 75m 59.96 ± 0.1 V 
Io 5.33 ± 36m 1 ± 1m 1.33 ± 2m A 
 
The six plots of figure 2 show the simulation and 
experimental time domain results for each of the three 
converters, operating under the same frequency 
IV N+] GXW\ F\FOH į   ô), and input conditions 
(Ei = 20V and Ii = 4A average, sourcing 80W). The 
same electrical components, rearranged, are used in 
each case.  
 
Basically, in simulation and experimentally, the 
currents in both inductors and the supply input agree, 
as does the capacitor voltage ripple, all of which are 
predicted by the appropriate equations in Table I. 
Figure 2 also shows that the corresponding simulation 
and experimental current values agree with awing 
accurately. That is, the current regulation is good, 
unlike the voltage regulation which is significantly 
poorer and deteriorates with increasing input current. 
These converter regulation features are considered 
further in the next section. 
 
IV. FURTHER EXPERIMENTAL RESULTS: THREE 
NEW CONVERTER TOPOLOGIES 
 
Figure 3 shows the open loop dependence of 
efficiency, voltage regulation (droop), inductor ripple 
currents, capacitor voltage and ripple, and output 
current regulation (droop), on input current average 
magnitude Ii. The experimental circuit component 
values are as shown in Table IIA. Generally, these 
graphs show that efficiency and voltage regulation 
deteriorate (near linearly) with increased load/input 
current. In confirming the inductor ripple current 
equations in Table I, the ripple current of the inductors 
is independent of load current ± figure 3b. The effects 
of inductor saturation are observed first in the buck-
Journal of Renewable Energy and Sustainable Development (RESD)     Volume 3 Issue 2, June 2017 - ISSN 2356-8569 
http://dx.doi.org/10.21622/RESD.2017.03. ?.196 
 
200 RESD  © 201 ? 
http://apc.aast.edu  
boost and buck converters, before the boost 
converter, as input current increases, since the buck 
converter decreases the voltage and increases the 
output current (hence inductor current) for a given 
input voltage and current (cf. figure 4b). Figure 3a 
shows that the boost converter P#2 is the most 
efficiency hence has the best output voltage 
regulation, whilst the buck-boost converter P#5 has 
the lowest efficiency, whence the poorest output 
voltage regulation. Figure 3b shows that the buck 
converter P#1 has the lowest inductor ripple currents, 
which is due to the fact that buck circuit voltages are 
lower than the boost and buck-boost circuit voltages, 
for a given input voltage Ei (cf v=Ldi/dt). Also in 
accordance with the theory and eqn 1 in figure 1 and 
WDEOH , WKH FDSDFLWRU ULSSOH YROWDJH ǻYF LQ ILJXUH F
increases linearly with increased load current (for a 
JLYHQįHWF'XH WR/R - Li - C circuit loop losses, 
specifically the unequal inductor resistive component 
voltages, thus not included in the theory, the capacitor 
has a dc bias, which is duty cycle dependant, and 
increases with load current, as shown in figure 3c. 
Important to CCM operation, figure 3c also shows that 
the offset voltage tends to zero as the input current, 
hence output current, approaches zero (that is, no 
load). (This bias is not explicitly shown in the Ii = 4A 
experimental time domain ac coupled waveforms in 
figure 2.) Figure 3b shows that if the inductances are 
equal (Li = Lo), the ripple current magnitudes are 
equal, whence the two inductors can be wound on a 
common core (as with the Cuk, sepic and zeta 
converters) but with ripple current addition (not 
cancellation), resulting in an accumulated dc flux 
biases. From Table I, the relative current magnitudes 
in the two inductor windings, change-RYHUDWį òWKH
buck to boost boundary).  
 
In contrast to the output voltage regulation, the three 
converters exhibit good output current regulation 
characteristics, as shown in figure 3d. The voltage 
regulation in figure 3a deteriorates because 
semiconductor voltages and IR drops detract from the 
effective input voltage. On the other hand, the current 
transfer ratio is largely unaffected by voltage 
components; it is purely a relation between the input 
and output currents, independent of the input voltage. 
Hence at the modest input voltage of 20V, the current 
regulation is an order of magnitude better than the 
voltage regulation. Such a regulation feature is 
common to all dc-to-dc converters. 
 
 
 
 (a) Experimental and simulation buck converter P#1 waveforms: 
 LQGXFWRUDQGLQSXWFXUUHQWVDQGFDSDFLWRUYROWDJHIRU9R 9,R $Ș  
 
 
 
(b) Experimental and simulation boost converter P#2 waveforms: 
inductor and input currenWVDQGFDSDFLWRUYROWDJHIRU9R 9,R $Ș  
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(c) Experimental and simulation buck-boost converter P#5 waveforms:  
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Fig .2. Experimental and simulaWLRQUHVXOWVDWN+]į (L 9DQG,L $DYH:IRU 
 (a) buck-P#1, (b) boost-P#2, and (c) buck-boost-P#5 converters. 
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Fig .. Experimental results at 50kHz, į  Ei = 20V and varied average input current, for the three new dc-to-dc converters 
3ŁEXFN3ŁERRVW3ŁEXFN-boost): (a) output voltage regulation (droop) and efficiency,  
(b) inductor ripple currents, (c) capacitor voltages, and (d) output current regulation (droop). 
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Fig .. Experimental result for basic single-inductor dc-to-dc converters, A1, A2, and A5:  
(a) voltage and current regulation (droop) and efficiency and (b) inductor ripple current. 
In the three basic dc-to-dc converters, A1, A2, and A5, 
inductor ripple current is an indication of minimum 
load current before loss of CCM operation. In the buck 
converter P#1 waveforms (simulation and 
experimental) in figure 2a, the ripple current is a 
constant ±37½mA (which is the same as for P#1 in 
figure 3b and A1 in figure 4b), which for the basic 
buck converter A1 represents a minimum load current 
of 37½mA, for CCM. In a light-load case for the new 
buck converter P#1, at 100mA (0.01pu) input current, 
the efficiency is 96.9%, and importantly the output 
voltage is 14.9V, representing voltage and current 
regulation droops of 2.5% and 0.7% respectively. 
 
In the case of the buck-boost converter, 
rearrangement of the basic components, giving the 
Cuk, sepic and zeta converters, results in similar 
performance characteristics of efficiency and 
regulation, as well as ac closed loop performance. 
The main component difference between the four 
buck-boost converters is the capacitor dc bias. 
 
V. EXPERIMENTAL COMPARISON WITH THE 
THREE BASIC CONVERTER TOPOLOGIES 
 
The experimental performance characteristics of 
efficiency, voltage and current regulation and ripple 
current of the three basic (buck ± A1, boost ± A2 and 
buck-boost ± A5) [31] converters are shown in figure 
4. The three basic converters have a single energy 
transfer storage element, namely an inductor; 
regulation would be expected to be poorer than that 
for the new converters which (like the Cuk, sepic and 
zeta converters) have more storage elements. Figure 
5 compares the characteristics of the basic converters 
A1, A2, and A5 with the three new converters, P#1, 
P#2, and P#5. The boost converter has the best 
output voltage regulation, whilst the buck-boost 
converter has the poorest output voltage regulation. 
The buck converter output current regulation is similar 
for both buck converters (A1 and P#1) since the basic 
buck converter also has inductance in the output, 
which maintains current regulation. The basic boost 
and buck-boost converters have poor current 
regulation because the only inductor is not solely in 
the output (that is, the inductor is switched between 
the input and output circuits). Figure 4b shows that the 
inductor current ripple of the three basic converters is 
similar to the ripple in the new converters, shown in 
figure 3b. Inductor saturation at just under 10A input is 
shown in figure 4b, for the three basic converters. In 
the boost converter A2, the inductor is in series with 
the input, hence its current is the input current. The 
buck and buck-boost converters saturate at less than 
10A input current, because the inductor average 
current is not the average input current, but is 
dependent on duty cycle. Specifically, the basic buck 
converter inductor current is the output current, which 
LVJLYHQE\,LįZKLFKLVDOZD\VJUHDWHUWKDQWKHLQSXW
current. The same expression applies to the buck-
boost converter, thus saturation is seen to occur at 
į[,Lôî$ ò$LQILJXUHEIRUERWK$DQG$ 
 
The three new converters are correspondingly more 
efficient, independent of ripple current. For example, 
the ripple current of the two buck versions (A1 and 
P#1) is 75mA in each case, yet for the same input 
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power conditions, the new buck converter P#1 is more 
efficient. The improved efficiency is related to the fact 
that the effective inductor dc current component is 
split between two inductors, which significantly 
decreases the total I2R loss. Specifically for the buck 
converter P#1 in figure 2a, at 4A average input 
FXUUHQW ZKLFK JLYHV ѿ$ RXWSXW FXUUHQW DW į ô
LQGXFWRUFRSSHUORVVHVDUHîPȍѿîPȍ 
: DV RSSRVHG WR ѿ[Pȍ   : ZLWK WKH
single inductor buck converter A1. 
 
Figure 5 shows that the new converters have better 
performance indicators (efficiency and open loop 
regulation) than the corresponding basic converters, 
but inductor ripple current is the same. This 
performance improvement with the new converters 
would be expected since the new converters (like the 
Cuk, sepic and zeta converters) have more energy 
storage components. From figure 5c, when comparing 
the basic and new converters, generally voltage 
regulation becomes poorer with increasing current. 
The current regulation for the new converters is near 
independent of current magnitude, while the current 
regulation is poorer for the basic boost and buck-
boost converters A1 and A5 as the input current 
decreases. 
 
These comparative performance results, based on 
figures 3 and 4, and collated in figure 5, are 
summarized in table . 
 
The closed loop design criteria are the same as for 
the Cuk, sepic and zeta converters, all of which 
employ two inductors and a capacitor, rearranged. 
This is because all these topologies have the same ac 
equivalent circuit. 
 
 
 
 
 
 
 
 
 
 
 
Fig .. Experimental result comparing three basic (A1, A2, A5) 
and three new dc-to-dc converters (P#1, P#2, P#5): 
 
(a) efficiency, (b) output current regulation (droop), and (c) 
output voltage regulation (droop). 
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Table 3.  ŽŵƉĂƌŝƐŽŶŽĨŽƉĞƌĂƚŝŽŶĂůƉƌŽƉĞƌƚŝĞƐĂŶĚĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ?Ăƚɷсв ? ? 
 
VI. TRANSFORMER ISOLATED BUCK-BOOST 
CONVERTER 
 
The basic buck-boost converter A3 output can be 
isolated via a coupled magnetic circuit. Additional 
features to isolation are voltage matching and better 
semiconductor utilization, but the limitation is that 
energy is temporarily stored in the magnetic coupled 
circuit core. Thus for a given magnetic material, 
maximum energy transfer is limited by core volume, 
viz. ½BH×Volume. The core volume is utilized 
differently if magnetic energy transfer is through 
transformer action (as with the Cuk converter 
variation) rather than intermediate energy storage (as 
for the basic buck-boost converter variation).  
 
If energy is transferred from the source to the load via 
ripple current through a series capacitor, then that 
capacitor can be split so as to facilitate an interposed 
high magnetizing inductance shunt transformer as 
shown in figure 6. If electrical equivalence is 
maintained, each capacitor has the same capacitance  
 
 
as the original capacitor, if the transformer turns ratio  
is 1:1. This is the process used for the transformer 
isolated Cuk converter, with a buck-boost voltage 
transfer function, which fulfills the series energy 
transfer capacitor requirement. The transformer acts 
in a current controlled mode where the voltage adjusts 
to meet the corresponding voltage requirement 
associated with the transformer equation (Iin / Iout = 
Vout / Vin = Nout / Nin) together with the converter 
current/voltage transfer function (Ii / Io = Vo / Ei =-į
1-įERWKHQIRUFHGVLQFHERWKHTXDWLRQVPXVWFRPSO\
with instantaneous energy conservation. This 
operation is not to be confused with the problematic 
VR FDOOHG µYHUJH RI FRXSOHG FLUFXLW DQG WUDQVIRUPHU
RSHUDWLRQ¶ ,Q WKH &XN FRQYHUWHU Fase the split 
capacitor pair must also fulfill the important function of 
blocking a dc voltage component (Ei on the primary, 
Vo on the secondary) from the magnetic coupling 
circuit, which is catered for, blocked, by using large 
capacitance. The new buck-boost converter P#5 
theoretically develops no dc voltage component on 
the primary or the secondary, because each is in 
parallel with inductance, which has zero average 
 CONVERTERS 
 
Basic converters 
(one inductor) 
New converters 
(two inductors and one capacitor) 
transfer function buck boost buck-boost buck boost buck-boost 
classification A1 A2 A5 P#1 P#2 P#5 
efficiency 
Less than P1 
Better than A5 
Less than P2 
Better than A5 
Less than P5 
Poorer than 
A1 and A5 
Better than A1 
Better than P5 
Better than A2 
Better than 
P1 and P5 
Better than A5 
Poorer than                P1 
and P5 
output voltage 
regulation 
Better than A5 
 
Poorer than P1, 
P2, and P5 
Better than A1 
and A5 
Better than 
P1 and P5 
Worse than A1 
and A2 
Poorer than P1, 
P2, and P5 
Better than P5 
 
Better than 
A1 and A5 
Better than P1 
and P5 
Better than A1, 
A2 and A5 
Worse than P1 and P2 
Better than 
A1 and A5 
output current 
regulation 
Similar to P1 
Better than 
A1 and A2 
Poorer than P2 
poorer than 
A1 and A5 
Poorer than P5 
Poorer than A1 
Similar to A1 
Similar to 
P2 and P5 
Better than A2 
Slightly better 
than P1 
Better than A5 
Slightly better than P1 
ripple current 
Same as P1 
Less than 
A2 and A5 
Similar to P2 
Similar to 
A2 and A5 
Similar to P5 
Similar to 
A2 and A5 
Same as A1 
Less than 
P2 and P5 
Similar to A2 
Similar to P5 
 
Similar to A5 
Similar to P2 
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voltage. In practice, any dc voltage bias is modified 
(increased) due to component voltage drops, including 
inductor and transformer winding resistance 
associated voltages. 
 
The energy transferred is the load power Vo Io over 
WKH VZLWFKLQJ F\FOH SHULRG Ĳ ZKLFK LV UHODWHG WR WKH
change in energy in the primary and secondary 
capacitors Cp and Cs. From eqn 1 in figure 1, for the 
buck-boost converter, the capacitor ripple voltage is 
given by 
 
 
 
  
  1
on ion o
c
o i
t It I
v
I I
C C
C C
W WG
W
G
 uu'   
  
 
 
Therefore the capacitor dv/dt requirement is 
 
c o c i
on off
C
v
C
I v I
t t
' '  ' '  
 
Energy is transferred in a single direction through the 
transformer: the voltage polarities change depending 
on whether the capacitors are charging or 
discharging, but with zero average current. Since the 
capacitors in P#5 have a zero average-voltage 
requirement, that is, do not need significant dc 
blocking capability, the capacitance is dimensioned 
based on dv/dt restrictions (as opposed to average 
voltage values in addition to superimposed dv/dt 
limitations as with the Cuk, sepic and zeta 
converters). Capacitance transfers transformer sides 
in the turns ratioLQYHUVHVTXDUHG;FĮ& 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 shows time domain simulation and practical 
results, which confirm the mechanisms proposed, 
when the component values are as used for 
assessment of the three converters, in table IIA. The 
series energy traQVIHU FDSDFLWRUV DUH ERWK ȝ) DQG
the transformer has a 1:1 turns ratio. The practical 
results yield 80.5% efficiency at 80W input, falling to 
70% efficiency at rated (200W) 10A input, for the 
JLYHQ GXW\ F\FOH į ô 7KH FDSDFLWRU GF RIIVHW RI
380mV at 4A and 1.2V at 10A, implies Joule losses 
FRQVLVWHQW ZLWK Pȍ UHVLVWDQFH LQ WKH WUDQVIRUPHU
SULPDU\ DQG VHFRQGDU\ DQG LQGXFWRU Pȍ SOXV
VZLWFKPȍ ORRSV$Q5&'VQXEEHURUDWUDQVLHQW
surge suppressor (<1W for 20V, 10A input) is 
essential to preventing excessive switch voltages at 
turn-off due to transformer leakage inductance 
§Q+ UHODWHG WUDSSHG PDJQHWLF HQHUJ\
Differences between the experimental and simulation 
results are due to the simulation models not 
accounting for switching losses, capaFLWRU WDQįDQG
transformer leakage inductance losses and effects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .6. New dc-to-dc buck-boost converter P#5 conversion to 
transformer coupled version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Simulation and experimental results for the transformer 
coupled buck-boost converter P#5,  
DW9GF$DYH:LQSXWȘ RXWSXW9GF$ 
 
 
 
Ii          +        +      Io 
T 
Ei Li              Lo      Co  + R 
C 
Ei   Li          Lo        Co    R 
+ 
Ii         +          Io 
Cp  Cs     Co  
blocking  
capacitors 
VCp = 320mV±1V 
VCs = -73mV±1V 
input inductor  
ILi = 4A±147mA 
output inductor 
ILo = 1.33A±145mA 
output voltage  
Vo = 57.5V±0.1V 
blocking capacitor 
VCp = 380mV±1.04V 
input inductor  
ILi = 4.0A±136mA 
outupt inductor 
ILo = 1.24A±250mA 
switch voltage  
Voff = 21.6V 
ȝVGLY 
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VII. CONCLUSIONS 
 
Three new dc-to-dc converters (buck ± P#1, boost ± 
P#2, and buck-boost ± P#5) have been presented. 
Like the Cuk, sepic, Luo and zeta converters, the 
disadvantage of the three new converters is that an 
extra capacitor and inductor are needed, compared to 
the three basic dc-to-dc converters (A1, A2, and A5). 
The advantages gained by the extra passive energy 
storage components, as with the Cuk, sepic and zeta 
converters, are better efficiency and output voltage 
and current regulation. 
 
Analysis wise, the new circuit topologies degenerate 
to the equivalent basic converter with the same 
voltage transfer function (A1, A2, and A5). The 
interesting features of the new converters are 
associated with the fact that the three topologies have 
zero average capacitor voltage. Unlike the Cuk, sepic 
and zeta converters, capacitor stressing is solely 
limited to dv/dt stressing, without a dc component.  
This property is best exploited in a transformer 
isolated version with a buck-boost transfer function, 
P#5, where the split capacitors have zero average 
voltage, that is, zero dc blocking voltage 
requirements, unlike the split capacitor transformer 
isolated Cuk converter. This new topology has been 
validated by simulation and 20V, 200W 
experimentation, and is suitable for fuel cell, battery, 
and PV module isolated interfacing. 
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